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A n  investigation at subscwic and transonic speeds has been performsd 
in the Laagley high-speed 7- by 10-foot tuzlnel to determine the aerody- 
namic characteristics of a 42.7' sweptback wing with a 20-percent-chord 
and 50-percent-span  outboard aileron. The model had a circular-arc air- 
foi l   sect ion and the  aileron  izailing-edge thiclmeas was modified f o r  
the different tes ta .  The investigation was perfonaed in transonic flow 
over a bump on the tunnel floor and in  8r;ibsonic flow crn one of the tunnel 
side walls The Mach  number f o r  IAfS 3nvestigation varied frm about 0 -42 
t o  1.17 and the Reynolds n&er  varied froaa 800,000 t o  1,220,000. 

The data presented  indicate that changing the  circular-arc  ailercm 
contour t o  a f l a t - s i d e d   a i l e r a  contour with f i n i t e  trailingedge  thick- 
ness elimina=t;ed reversal of control in most cases and generally improved 
the aileron control characteristics. The drag coefficient wae increased 
and the aerodynamic center shifted rearward in t he  szibsan9c Mach rimer 
range. 
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One o f .  tbe many problems arising fram the use of high- speed a i r c ra f t  
ha8 been that of securing adequate lateral control,  particularly ' i n  the ' 

-t;ransanic speed  range. An investigation has been made (reference I) to 
determine t he  aileron  control  characteristics of a 42.7O eweptback 
circular-arc wing w i t h  various ailerons through a Mach nmiber range 
from 0.5 to 1.2 by using the t r a n s d o  bump. The o r ig ina l  circular-arc 
contour aileron gave very low effectiveness in the tmnsonic speed range 
and the effectiveness  reversed f o r  some conditions. An aileron ha- 
f l a t  sides and a trailing edge the sane t h i c h s s  as the aileron  thiclmess 
a t  the hinge line gave reasonable  effectiveness and showed'no revereal of 
effectivenem up t o  a Mach rimer of 1.2 (reference 1) 
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The purpose of .  thie investigation .WBB to de%e+kmine the rolling- 
mcanent characteristics oP, the-model of reference 1 with an aileron having 
flat sides and a trailing-edge thi-clmess less than the thickness at the 
hinge lFne, up to a Mach nmiber of lJ7- L i f t  and d r a g  characteristics 
were obtained up to a Mach number of 1-13 and the pitching.mcanent charac- 
ter is t ics ,  up to a Mach nmber of 0 -95 
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SYMBOIS AlBD CORRFCTIOITS 

pitching-maanent coefficient ($5) 
rolling-mamant coefficient produced by aileron ( 2 4  
lift, pounaf3 

drag, p o m b  

pitching  namnt about 0.183 mean geometric chord, foot-pounds 

rollin@S-moanant prodwed by ailerori about plane of symm~try, 
foot-pounde 

twice area of semtepan model (0.23 sq f t )  

twice span of san~span model (1 ft) 

WFng mean geometric  chord (0.259 f t )  

ra t io  of aileron thickness at trailing edge - t o  thickness at  
hinge 

angle of attack, degrees 

aileron  deflection,  poflitive when "ailing edge is down, degrees 

average Qmmic pressure over span of model, pounds per square 
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P mass density of air, slugs per  cubic foot 

V air velocity, f ee t  per second 

M average Mach nmiber over opan of model 

w! tuzlnel reference Mach nmiber 

M2 local Mach nmber 

R Reynolds nmib e r  

3 

The rolllq-mament data have been corrected in accordance with the 
method  of reference 2 for  reflection-plane models. This correction is 
for extremely low Mach nunbers. Xo correction has been made f o r  Mach 
nmiber effect. The correction  applied w a s  as follows: 

All data are  presented  about the wind axes. 

The semispan w i n g  model for  these  tests had a leading-edge 
sweepback of 42.7', a taper r a t io  of 0. 50, and an aspect r a t io  of 4.0; 
other geometric characteristics are shawn in figure 1. The wiq, made 
of s tee l  w i t h  a polished  surface, had a 10-percent-thick  circular-arc 
section normal t o  the 50-percent-chord line, had no dihedral, and was 
mounted as a midwing (fig.  1). The po~.shed-brass  fuselage was semi- 
circular i n  cross section and was bent t o  the contour of the bump.  The 
fuselage for the   t es t s  on the side w a l l  of the tunnel was made of hardwood. 

The 9-gercent-span outboard aileron. w88 attached to the w i n g  with a 

-inch-thick copper insert (fig. 1) . This in8ert was bent t o  ob%&* the 
required  aileron deflection. The deflection was checked before and a f t e r  
each t e s t .  The various aileron profiles investigated are shown i n  
figure 2 The aileron chord was 20 percent of the WFng chord. 
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The t e s t a  were performed in the Langley high-speed 7- by 10-foot 
tunnel which is capable of reachlng the choklng Mach nmber. In order 
t o  obtain  transonic speeds in the tunnel, . a n  application of the XACA 
w i n g - f l o w  method of t e s t a  was made (reference 3 ) .  a his method of 
testing at -&ansonic speeds h V O l V e 8  placing the model fn the  high-velocfty 



flow f i e ld  generated  over the curved surface of a bump -on the tunnel 
floor  (fig. 3) A sketch showing the location of the model  on the bump 
is given in figure 4 An electrical  strain-gage balance was mounted in 
a chamber in the bmp t o  measure the aerodynamic forces and  manents of 
t h e  model. The chamber is sealed  except f o r  a hole through which the 
butt  of the passes. The fuselage which wae approximately inch 
above the bump swface covered this hole. F 

The chordwise variation of Mach  nuuiber along the surface of the 
bmp is shown in figure 5 .  This figure  also  presents  the  vertical  varia- 
t ion of Mach  number at  a chordwise station 12 inches from t he  leading edge 
of the bump. It should be noted that a t  8 given t m e l  Mach rimer t he  
local Mach  number obtained from surface s t a t i c  pressure measurements a t  
station l.2 is s a n e w h a t  higher than the maximum value indicated from the 
ver t ical  survey (fig- 5 )  This difference In Mach  number is brought  about 
by not  taking i n t o  account the t o t a l  pressure loss in the boundary layer 
fo r  t h e  surface survey. R@apolation of the vertical  survey to t he  
surface of the- bump gives near- the same Mach rider as is obtained f rom 
the  surface survey. The test Mach  nuuiber was the average Mach n&er  over 
the span of the model. The average Mach nmiber over the span of the 
model i s  higher than the average Mach nurber  over the span of the aileron 
by approximately 0.01 a t  the lowest Mach nmiber  and 0.03 at  the highest 
Mach n&er tested  (fig. 5 )  N o  attempt has been made to evaluate the 
effect of the variatian  in Mach  number along the chord and span of the 
model. 

Mechanical difficultq wlth t h e  balance wed jn the bung made it 
necessary t o  conduct part of the Investigation a t  subsonic speeds on the 
wall of t h e  Langley high-speed 7- by 10-foot  tunnel by means of the setup 
shown i n  figure 6 . The reflection plane wa8 spaced out from the tunnel . 
w a l l  t o  si tuate the model out of the tunnel boundary layer The  Mach 
nmber did not vary over 1 percent over the chord and epan of the podel 
for  these tests. 

The variation of R e p o l b  nuniber of the model w i t h  Mach n M e r  f o r  
average -conditions is presented in figure 7 0 

Wing-Fuselage Aerodynamic Characteristics , 

The l i f t  and drag characteristics of the model obtahed frcan t h e  
transonic bmp are  presented in figures 8 and 9, respectively. The SI&- 

sonic lift, -, and pitching-mament chmacteristics  for  the model 
obtained from the wall mount m e  presented in figures 10 t o  14. In 
general, t he  results fram the two methods are i n  good agreement. 
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The variation  of  lift  coefficient  wfth"ach nmiber at several angles 
of  attack  for the  aileron  with t = 0 (circular  azc) , t = 0 -50 (flat  sides), 
and t = 1.00 (flat  sides) ts presented in fi@e 8. From these data it 
appears  that t he  mziation of  lift  coeffioient with Mach number is  practi- 
cally  unaffected  by  the  various  aileraa  profiles tested. The variation 
of  lift  coefficient with of attack  for  several  subsonic  Mach  numibers 
i_s presented in figures 10 to 12 At a Mach nmiber of 0 -607 the l if t-  
curve  slope near an angle  of  attack of Oo is less than t he  slope at larger 
angles of  attack;  however,  at  higher Mach numbers  the  slope  becoanss  more . 
nealy linear through the t e s t  angle-of-attack range. The low Repolds 
nmiber  at  which  this  investigation was maae is  probably  responsible for 
part of  the  nonlinearity  of the lift curves  near  zero  lift. 

The drag characteristic8 for t he  mode l  with circular-arc  aileron 
(t = 0) are sham i n '  figures 10 and 13. At subcritical speeds t h e  drag 
coefficient  at an angle of attack of 00 is nearly constant at a value 
of about 0 -0U. The drag rise  for  this  model  configuration  cpmes  at a 
MEich  nmiber  of  approximately 0 -90. Increments  of drag coefficients A h  
resulting frm changes ip ailerm contour  are  presented in figure 9, 
for  Mach nunibers between 0.9 and 1.15. The flat-sfded aileron, (t = 0 -50) 
shows a increase in drag coefficient (0.oO2) over t h e  circular-arc 
contour  aileron  below a Mach nmber of 1-05. Above a Mach numiber of 1-05 
the  values  of b . 2 ~  beccnne  negative. As might be expected., t he  flat- 
sided  aileron (t = 1.00) gave  greater - coefficients,  approxi- 
mately 0.006 at stibsonic  Mach nmbers, than the circular-arc ailerm 
(t = 0) through the Mach  number  range tested. 

The'pitching-moment  characterist1c.s f o r  t he  various aileron 
modifications  investigated are presented .in figures 10 to 14. These 
results 828 smplarized in the following table: 

Aerodgnamic-center  location 
Aileron  contour M .  . (percent 5 )  

% = -0.2 

circular-arc 

,941 circular-arc 

18 0 .a7 

" 

Flat-sided, t = 0 -50 

29 05%' Flat-sided, t = 1.00 

-934 mt-sided, t = 0.50 

. 24 0607 
" 

Flat-sided, t = 1.00 -965 " 

3L = 0 

18 -7 

CL = 0.2 

41 

20 9 

25 

30 

38 38 

24 21 

30 ' 
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It can be seen f rom the precedhg -table that  aileron contour had a 
considerable  effect on the aerodynamic-center location of the model a t  
slibsonic Mach numbers. Thickening the a i h r o n  trailing edge shifted the 

- aerodyn8mic center rearward by approximately 2 t o  10 percent a t  a sub- 
c r i t i ca l  Mach nurnber of approximately 0.60 a t  lift coef'ficienta of 0.20 
and -0.2. The jog in  the pitching-moment-coefficient  curve near zero 
lift f o r  t h e  cfrcdar-arc contour afleron  (fig. 10) is e q u l a e n t  t o  
about a 25-percent forward ah i f t  fn the aerodynamic-center locatim. 
This forward ehi f t  of the aerodynamic-canter location for  the flat-sided 
aileron  (fig. n) near zero lift 1s a p p r o m t e l g  u percent. mese jogs 
may have been accentuated by the relatively low test Remolds nuabere. 
However,  inasmuch as this forward s h i f t  iR aerodynamic center occurs 
within a very small lift range (about 0.0gcl) , it is thought that  it will 
resul t  in no serious  stability  or  control probleane. 

Above the c r i t i ca l  Mach  number f o r  this model there is a considerable 
rearward shift of the .aerodpemic-center p s i t i a n .  However, the limited 
amount  of data obtained does not justify any concluaians  concerning the 
effect of aileron contour. 

Aileron  Control Characteristics 

Frm the rol!ling-mnmAnt-coefficient data presented in figure 17 it 
appeare that t he  aileron w i t h  a value of t = 0.50 w i l l  give control 
throughout the Mach number range tested. However, a t  an angle of attack 
of 3 -40 (fig. 17(b) the aileron  effectiveness is very low. The r o ~ t n g -  
merit characteristics of the a i l e m  with a value of t = 0.3 (fig. M) 
appear t o  be lesa satisfactoqy than either of the other ailerans with 
thickened *ailing edgee became of very l o w  effectiveness and reveraal 
for 6, = -50 and a = 3.5O at  a Mach number of 1.15 (fig.   l8(b)).  

A s w  of the effects of aileron  profile an the rollAng-mrrmFmt 
coefficients  ie  presented in  figure 19. The aileron with thick trailing 
edges gave gmater v a l ~ e s  of aCz@6, than the circular-arc  aueran . 
The aixeran with a ra t io  of trailhg-edge thiclmess t o  hinge-line thick- 
ness of 0.9 show8 the most linear variation of Cza with 6a of  t he  
f Q u r  aileron-co tour  configurations  investigated and, in addition, the 
effectiveness r&l,/a6al very near the nwt'lmun mue obtained for 
aqy of t h e  aileron contours  Fnvestigated. 
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Figure 2. - Section pro f i l e s  of the 0.20~ aileron tested. 
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Figure 6 .  - Drawfng of reflection-plane ln0unth.g of &del on vertical 
w a l l  of the Langley high-meed 7- by l0-foot tunnel. 
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CONFIDENTIAL 
Ailemn 

- Flat-sided, t = 5 0  

_" - Flat-sided, t = 1.00 

.5 .6 .7 ' .8 .9' . /J 12 

Mach number, 'M 

Figure 8. - Variation of lift coefficlent  wlth Mach m p  9. - Variation with Mach number of inorepmnt 

contour from circular exc. Data fmm Granemic 
bump. 

nuder  for the mdel with several aileron of drag coefficient  caused by chan@;ing a i b m n  
prof i l e s .  Data from tramodc burup. . 
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P i p  10. - Aeroaynamic character is t ics  of the model Figure U. - Aerodgnamic characteristics of the model 
with circular-arc contour ai1er.m. 8, = 0'. with flat-sided aileron, t = 0.9; 8, = 00. - - 
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Figure 32.- 
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Aerodynamic chazacteristics of the mod 
aileron. t = LOO; 8, = oO. 
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Figure 13. - Variation of the aerodynamic charac- 
terist ics  of the mdel wlth Waah d e r .  
c*ular-arc allam; 6, = 00. 
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